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Abstract Fundamental electroweak properties arise from a spacetime theory of matter, per- 
mitting evaluation of low energy coupling constants from first principles. The fine-structure 
constant is (tts*)'^^^ cos^ 0^/36 with s = 1/2 (Fermion spin) and Ow Weinberg angle, giving 
sin^e„ = 0.2223552634(26), low energy weak couplings g' = n^/'^s'^^^/S = 0.343397380776359... 
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I. SPACETIME BASIS 



o 
o 

(N 

^ ' The theory of general relativity [1] considers spacetime to be a continuum and there is no experimental evidence to 
I the contrary. Our extensive experience with energy and momentum conservation lead to the conclusion that spacetime 
is homogeneous and isotropic. For a theory constructed out of spacetime, there is no loss of generality in restricting 
' ' I consideration of the energy momentum tensor to the perfect fluid form since it is the most general form T^i/ can then 
. take [2]. Two scalars, pressure p and energy density e, then characterize this tensor: 

Ti; = {e+p)u^u,+p6i;, (1) 

*^ ■ where u'^ = dx^^ /dr with w^w^ ~ —1, proper time being related to the fundamental arclength by ds^ — —dr'^. Greek 

I indices range from to 3, the metric tensor g^^ having signature ( h H — h) with G^jy = 87rGTp,y being the field 

psj . equations, and rationalized natural units, h = c ^ 1 and e^/47r = 1/137.03599911(46) [3], are used. Based on both 
the invariance of action and a direct derivation by perturbational analysis, the requisite equation of state may be 
. argued to be [4] 



P = -e/3. (2) 
Then the energy momentum tensor is given in terms of a single timelike vector, 

Ti; = Ffu - (3) 

where f'^^e+p and ~ fu'^. 

The group structure of spacetime, due to the timelike congruence associated with u^^, is described through the 



. contracted Bianchi identities Tlf.^^ = 0: 

^ + FU,^ - //,. = 0. (4) 

Since /.^ = f,ijU^ + /u^, the irreducible decomposition of the gradient of the four- velocity. 



Uf_i-u — Ui^afj + (jf2i, + n7^,y, (5) 



into a volume expansion Q = u^^, an acceleration = ~ u^;„u'^ , a symmetric trace-free shear, a^^ = Ui^^.jy-^ + 
'"(/i'^iy) ~ and a skew-symmetric vorticity, zu^i, — + itf^Ui^j, (with the orthogonality properties = 

h^^u'^ = a^u^ = Ufj^uu'^ = tu^j/u" where h^^ = g^v + u^u^, is the projection tensor onto the spacelike hypersurface 
orthogonal to u^) allows a group-theoretic irreducible expression of the fluid dynamics: 

ffi-.v = Sykfip + ffidv ^ fuO-fi + Ctif (6) 

for which ^ = /.'^/2 = -ff,^// = /6/3, k^^ = g^^ + 2f^f^/p, and (f,^ = /(cr^^ + m^^) with C(;,i.) = fcTp.,. 
and C[p,y] = fvj^v Round brackets indicate symmetrized indices; square brackets, skew-symmetrized indices. The 
acceleration may be expressed as 

a. = f,u/f-Uulf. (7) 
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The excitation modes ^fc^i^ (expansion), /^o,y — f,^a^ (Fermi- Walker), and ^^j^ (shear and rotation) arc mutually 
orthogonal: k^^if^a^ - Ua^) = k^^^C^, = C'^'iUa, " Ua^) = 0- Also, fa, = fC^, = = C = 0. Thus, the 

expansion, Fermi- Walker and shear/rotation excitation modes involving ^ and the linearly independent components 
of Ui, and C/ii^ are one, three, and eight parameter functions respectively. The shear/rotation excitation is composed 
of the antisymmetric rotation motions = f^tiv consisting of three independent components and the symmetric 
shear ({pu) = f'^tJ.v with five independent components. Solution of the first order equations for each mode results in 
an integration parameter {y") which will be referred to as the excitation core. 

Excitations of combined expansion and Fermi- Walker modes (hereafter referred to as EW excitations) are of interest 
in that they will be seen to provide Fermions and their electrowcak interactions. Development of a generic model for 
this combination, based on the orthonormal tetrad (u, s, q, r) incorporating the velocity u, the unit vector associated 
with the acceleration, s = a/a, and two spacelike vectors q and r is given in the Appendix. 



II. A REPRESENTATION TRANSFORMATION 



A representation change that is Lorentz invariant extended by parity [5] in the local Lorentz frame is now made. In 
the local Lorentzian (indices for which are taken from the early part of the Greek alphabet and enclosed in parenthesis) 
with metric r](a){i3) = diag{—l, 1, 1, 1), the Dirac matrices axe utilized in Weyl representation and are designated by 

7a = ^ ^with a ={(Ta) = {—I, {ci}) and a = (ctq) = {—I, — {ct,}) where Latin indices from the middle of 

the alphabet range from 1 to 3 and {ui} are the Pauli matrices. With xb = ( ^''^ ) and (j)b = ( t^'^ ) being two- 



X62 y V (Pb2 

component matrices and ~ ^ with b being either 1 or 2, it follows that 7^ = £"^^^jali3ls7\/^^- ~ q ^ 

i'bL = PL^b = ( ? ) and ^bii = Pni'b = ( ) with Pl = (1 - 7')/2, Pr = {1 + 7^)/2. ^6 = V'l7° where ^ is 

the conjugate transpose of ipb- With e^^^(x) = e'^^^ serving as tetrad ( g'^''{x.) = e^'^^e^^^??^"'^'')), then the 7-matrices 

in general coordinates become 7'^(x) = e^^^ 7" = 7"^ and 7 • u = 'j'^u^ = 7"u(a), for example. In particular, the 

attendant properties 7^7^^ + 7''7/i = —2/(5^ and 7^7^" = — 7''7^, 7^7^ = / follow. 

Transformation to an irreducible representation satisfying the above stated requirements is then obtained by taking 

(7 • U - 7^7 • s)/4 = tpiLtplL + IplR^lR (8) 

and 

-(i7 • Q + 1^1 ■ r)/A = 1p2L'4'2L+'tp2Rtp2R- (9) 

Right multiplication of both equations by -y", taking the trace and utilizing the trace properties Tr{'y^'y'^) = —Ag^" 
and Tr(7^7^7'') = 0, gives 

u" = -4>iYi^i (10) 

and 

q" = -i'4}2Yi}2, (11) 
respectively. Similarly, right multiplication of each by 7''7^ and taking the trace gives 

s" = t/ii7"7'V'i (12) 

and 

r" = i>2l''l''i>2. (13) 

Then, (7 • u + ■y'^-f ■ s){'-f ■ u — 7^7 ■ s) = (since j ■ ■ u = —7 • S7 • s = / and 7 • ^7 • s + 7 • 57 • u = 0) 
gives (7 • M + 7°7 • s)(V'ilV'il + i/'iiiV'iij) = 0. Right multiplication of this latter expression by i/'ii and noting that 
'ipiLi'iL = whereas 'ipiLi'iR 7^ gives (7 • u + 7^7 • s)V'iiJ = 0, and similarly, (7 • u + 7^7 • s)ipiL = 0; that is 

^ ■ utpi = —^^^ ■ sipi. (14) 
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Likewise, 7 • qip2 = -ir/^^f ■ rip2- Furthermore, since_PL7^ = ~Pl , PrI^ = Pr and ^^ipbL = -ipbL, T'^bR = "(pbR, 
it follows that 7 • (u - s)^/'il/4 = 7 • u^il/2 = tpiRipiR^iL and 7 • (u + s)V'ifl/4 = 7 • = ipiLi>iL^iR- Thus 

7 • U7 • «Vil/2 = = 7 • w^iRi^iRiiXL = 2V'iLf/'iLV'iflV'iflV'ii = 2'^i'iL IV'ii'^i'ifll since 'ipiL'4'iR = (V'ihV'il)*) 

I ~ 1 2 ~ 

giving lipiLipiRl =1/4. With ipiLipiR = 1/2, it follows that 7 • utpiL = tpiR and 7 • uVifl = '^^'iio that is 

7 • mVi = (15) 
Again, in a similar manner, with 'tp2L'4>2R = 1/2, it follows that 

^ ■ qtp2 = i'tp2 = -ij^J ■ rip2- (16) 

Now, directly Pr7 • {q — ir)^ ■ (u + s)/16 = itp2Ri>2Ri'iL'fl>iL- Taking the trace of this equation and using the trace 
properties of the 7-matrices and the orthogonality of the vectors {u, s,q,r) gives \tl)2R'4'iL\ = 0. Also, P[,7- {q + ir)'y- 
(w — s)/16 — «V'2LV'2L'0ifi'0ifljand taking the trace then gives |'02LV'ii? = 0- 

Then, 7 • (m + s)V'2ii/4 = i>iLi^iLi>2R = 0, that is, 

7 • U1p2R = -7 • si>2R- (17) 

Also, 7 • (m - s)V'2l/4 = ipiR4>\Rii)2L = giving 

7 • ut/'zl = 7 • sV'2Z,- (18) 

However, 7-37 -u = — 7-U7-g and 7-g7-s = —7-S7-(7 implies that 7-g7-u^2_R = —J-u'-^-q'4'2R = — 7-'77-sV'2-R = J-sj-qip2R- 
But 7 • gV2K = i'^2L then gives 

■ U1p2L = -y ■ Sll)2L- (19) 

It then follows that 7 • sip2L = 7 • uip2L = and similarly, 7 • S'^2fl = 7 • uip2R = 0,that is 

7 • uil)2 = 7 • S1p2 = 0. (20) 

In a like manner, 

7 • Q'tpi = 7 • ripi = 0. (21) 



III. FUNDAMENTALS OF QUANTUM FIELD THEORY AND THE STANDARD MODEL 

In both classical particle theory as well as in relativistic quantum field theory the momentum of a particle is so 
defined that it is not conserved. In classical theory, this effect shows up, for example, as runaway solutions when 
radiation effects are included [6]. To address this difficulty, a new complex was introduced by Teitelboim [7], [8] in 
order to separate the particle-field system into two dynamically independent subsystems: the particle plus attached 
field (the complex), and the radiation field. Momentum conservation for the complex is observed. This latter entity 
corresponds to defining particle momentum using both the energy momentum tensor and pseudotensor so as to 
properly treat radiative field effects [9] . In quantum field theory, radiative corrections are necessary and fundamental 
to the formulation is the fact that it is impossible to construct the theory with a fixed number of particles [10]. 

In accord with standard theory, for well-separated core excitation locations for which J^i fiJ the sum being 

over individual excitations (see Appendix), the momentum associated with the i*'* excitation is obtained by integration 
of the i*^^ contribution to the energy momentum over a spacelike hypersurface, 

K = 1 Trd^^ = I ffiu^u" - ]^g--){-u,dV) = ^J ffu'-dV = J dO«) (22) 

where dfi = dx"dY^a — —Ucdx'^dV is the measure of spacetime and rj'j^ = ^ffu'^u'^da , the spacelike surface being 
= —UudV where dV = u'^dY,^} 



^The present treatment is done for comparison with standard theory. A treatment utilizing the timelike Killing vector 
Cm ~ (see rof. [2], p. 286) with dfl = dx'^dT,^ = —^adx^dV may be utilized with the same subsequent development 

as is given here. In particular, that treatment reveals explicitly the angular momentum duo to spin of the excitation (particle) 
and avoids some of the complications of three-space measures inherent to the present analysis. The results presented here are 
not changed by such an analysis. 
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Now, by Stokc's theorem [11], ^QjjdVl{rf^) |ar/= JjjCri'^d^l where £,,1- indicates the Lie derivative and dU is the 
boundry of U. The integration over spacetime is to be taken over all time history of the i*'' excitation up until the 
time of interest and over all spacelike surface influenced by the excitation [12]. But {Crt^dQ,)^ = {—UndV)-cr^ffu''u'^ + 

{—UadV){^ffu''u'^)-^. Then, using dV-^'U''^ = dV = QdV and previous expressions for {ff),u and nY^ (from equs. (5) 
and (7)) gives 

= ^ff {3aKs^ - s'^u^) + + 3(c7; + a;;)} dV. (23) 

Thereby, 

Pi=lJ fi {Mu^'s, - s^'u,) + + 3(a:; + a;:;)} dx'^dV. (24) 

Further consideration is given to type EW excitations: cr^ = uj"^ = 0. Then, with well-separated core excitation 

locations (assumed in all the following) for which J]^-^ = X]f=i fEWF ^ '^f'^i fswiF^ index F counting the 
three parameters (families) of Fermi- Walker modes, writing the Kronecker delta as S'j^ = — u'^w^-l-s'^s^-l-g'^g^-t-r'^r^ = 
-u^U/^t + /ij; and using dx^dV = u^dCt + h^dx^dV gives 

PEWi = j ^^{3as'' + eu-')dfl + j {6(9^9 + r'^r + s^s) + 3aw^s}dF, (25) 

having employed the one-forms u = u^dx" , s = s^dx^, q = q^dx'^ , and f = r^dx"^ and, for present purposes, consid- 
ering only a generic EW excitation for which the family parameter is not distinguished. Then, using dV = —dQ/u 
allows writing 

PEWi = j - ^as)u'' + {3au - Qs)s'' - eiqq" + fr'')} dO. (26) 

Now, define an external space for excitation i by 

r 

Urdr < 1, (27) 



/ 



since it fails to be accurate to extend beyond this limit toward an excitation core the essentially fiat spacetime existing 

at large distances from the core [13]. Here, the limit oo designates an asymptotically flat region far from the i*'^ (or 
any other) excitation core. Thereby, for the generic model utilized in the Appendix, external space for excitation i is 
given by 

I ttrdr = / — = — < 1, (28) 

J OO J OO ^ ^ 

that is, for distances (from core position) cxccc xiing m ~ ,eo/(327r)i/3 = 8.71188 x lO-^* cm. This gives the minimum 
radius that may be taken for a point particle when representing spacetime behavior as the interaction of point particles 
with interactions in standard form, as developed below. Then, writing the momentum integral as two integrals, 



VEWi = \j flwi^dV = ^ ^ flwi^dV + ^ ^ {(ew - 3as)u + (3aw - Qs)s - e(5q + fr)} dn, 



(29) 



where the designation of an integral over external space by ex is for values of {x'"'} compatible with the above 
restriction and internal space (borrowing from standard terminology) is over the remaining spacetime. In practice, 
radial distances generally taken to comprise external space are determined by collision energies in scattering events 
and are strongly in compliance with the above established crtieria. Far from the excitation core, the asymptotically 
Lorentzian rest frame, with metric gLap (indices for which arc taken from the early part of the Greek alphabet without 
parentheses), and utilized in extension in the subsequent analysis, will be referred to as the extended Lorentzian. 

Notice that \)EWi is parametrically dependent on the relative position of all other excitations with respect to the 
i^^ excitation, but is not a function of x since integration is over x . Said differently, the momentum representation 
of the excitation is deflned globally. Setting 

Vi = lj ffudV (30) 
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and recognizing that p, resides [14] in the extended Lorentzian gives 

p-^^P^^'+f :^iELZiEil{(e£(_3aS)u" + (3aM-es)s"-e(gg" + fr")}dl^(x), (31) 

Jexi 2u 

with the understanding that Euchdcan spatial coordinates arc now employed (components in equation (29) have been 
projected with tetrad values e"(xj) and, in particular, the delta-function property of ff (see Appendix) is used after 
placing e"(xi) inside the integral : ffe"{'Sii) = /fe"(x) and subsequently u" = e"{x)u'^, for example). Multiplying 
this expression by ^/jbEw{y) cxp{ipi ■ [y — x^] )d^pi/(27r)^, b being 1 or 2, and integrating over all momentum space for 
which df^pi is a measure followed by integration over all y gives 

id^M^i) = Pi'M^i) + M^i) I {(©w - 3a§)u" + (3ati - es)s« - e(OT" + rr")} dO(x), (32) 

where df — and the EW index has been dropped for simplicity. It is noted that ^ti^i) is a field theory quantity 
in that all (EW) excitations are thereby represented. (Due to the orthogonality ($p,$p/) = / ^^^p'd'^x/{2Try = 
^^(P ~ p') of plane waves $p(x) = exp(ip ■ x), and the convolution theorem, the spectral power density in momentum 
space for tpbi^i) becomes \ {tpb, ^p)\ yielding the interpretation of this latter quantity as the probability that the state 
described by tp^ is found in state $p with momentum p. [15]) 

For b = 1, the delta-function property of ff is used following placement of V'i(xi) inside the integral: ff'tjji{xi) = 
/fV^i(x). Contracting on the left with the Dirac matrices, jda, where the subscript d has been inserted for clarity, 
then gives 

r f2fx-x) 

ild ■ diM^i) = 7d • PiM^i) + / {{Qu - 3as)7 • u + {3au - 65)7 • s} Vi(x)dO(x), (33) 

where 7a (x) = jda has been taken throughout external space and it was recognized that 7 • qtpi = 7 • rtpi = 0. Then, 
using J- stpi = —j^j-utpi allows writing j-utpi = {S-y-u — j ■ s){3 + j^)tpi/8 and j-stpi = (37- s — j ■ u){3 + j^)ipi/8. 
Using these results to replace 7 • stpi and 7 • uipiin the integral above gives 

ijd ■ a.ViL(xi) = 7-i • Pii^iM + f^^M^i) (34) 

^ COS f/7/1 



and 



hd ■ 5iV'ifl(xi) = 7d • -PiV'ifl(xi) + '^^''f" V^ifl(xi) (35) 

cos tiw 



where the definition 



cost 



r f^(x-x) 

/ A~ {(Q" ~ 3as)(3Mc, - g«) + (3att - e5)(3s„ - m„)} rfO(x) (36) 

J exi 4^ 



has been employed and the delta function properties of ff have been used to remove V'li, and V'lii from the integral. 
Alternatively, using 7 • si/'i = 7 • u^i^^i and 7 • s-'j^'tjji = 7 • uf/'iin equ. (33) permits writing 

i7d • aiVi(xi) = 7d • PiM^i) + I "^^^V ""'^ ^7 • w - S7 • s){@ + 3a7^)Vi(x)dn(x), (37) 

J exi 

from which, upon comparison with equs.(34 )and (35), follow the identifications gZn/2cos0w = J^^ /f (x — ^i){uua — 

sSa){Q — 3a}dCi{x.)/2u and gZ^/ cosOw — j^^. /f (x — x^ )(«-«„ — sSq)(6 + 3a)d^l{:x.) /2u. Adding these latter two 
equations gives 

1^ = \[ &^(s«„ _ ~ss^)Qdn{^). (38) 
cos 0w 3 J^^. u 

In a similar manner, for 6 = 2, utilizing the delta function properties of ff, and contracting on the left with 7^^ 
gives 
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hd-diM^i)=ld-PiM^i) + ^""^^ ""'^ {-e(g7 -q + n-r)} V'2(x)dn(x), (39) 
where it has been recognized that 7 • uip2 = 7 • stjj2 = 0. Using 7 • rV'2 = «7^7 • 9V'2 then gives 

= 7d • PiM^i) - ^ ^^^^^^^(9 + 'n'h ■ 5V'2(x)df2(x), 



nrf • diM^i) = 7d • Pi^2(xi) - / ^^^^^—^e{f - iqj^)^ ■ rV'2(x)dn(x) (40) 



2u 

(2/ 



that is, 



hd ■ dii;2L{^i) = Id ■ PM^i) - |7d "^'^ ^if - ig)r„rfO(x)| V2l(x0 (41) 



^ /■ /?(x-x, 



7d • Pi^2L{^^) ' o.- 



and 



i7d-5iV2fi(x,)=7d-^'i^2fl(xi)-|7?^ ^^^^|^e(f + zg>«d^x)|v2ii(x.) (42) 
= 7d • PiM^i) - |7d ^ '^^^l^®^^ - if)g„dn(x)| ^2fl(x0, 

the delta function properties of ff having been used to remove V'2l and ^2/1 from the integral. 
Now, 

7d • P,V6(xi) = I / fhd ■ uM^)dV = § / (7 • " - 7 • u)M^)dV (43) 

Jini Jim 

where 7 • u = 7 • u — 7^Ma = 7 • u — 7^e|r''eJ^u,y, having used 7^ = 7^e^"'* and Mq, = eJ^Uj/. At the boundry between 
internal and external space, e^"^(xj,)ej^(xf,) = 5^, and in general, to first order, e^"^(x)ej^(x) = (5^(1 + C(x))- Then 
7 • u = —(7 • u)C(x) and 

7d ■ PiM^i) - I / ffj- uM^)dV + I / /2(7 ■ tx)C(x)V'b(x)dV^, (44) 

neglecting higher order terms. Then, with the notation 

9W^ = 9W^{^^) = I (x - x,)e(x)r„(x)df}(x) = / l^/i^(x - x,)e(x)g„(x)dl7(x), (45) 

gWl = gWli^i) = I l^/i^(x - x,)e(x)r„(x)dn(x) = / -^^/f (x - x,)e(x)g„(x)dO(x), (46) 

J ex, U(x) Jea:. "(x) 

= gWli^i) = [ ^ffi^ - x,)e(x)r„(x)dr!(x), (47) 
Mi = l f fNV, (48) 



and 



% = /fCrfV^, (49) 



it follows, since 7 • uVi(x) = and 7 • uip2{^) = 0, that 

7d • Pi^i(xi) = MiVi(xi) + (50) 



and 



giving 



and 



7d • PiV'2(xi) = 0, (51) 



hd ■ ditpiL{xi) = MiViij(xi) + ^P^-^il)iL{-x.i) + Vii'iRi^i), (52) 

2 cos 6*^ 

ild ■ di-)piR{xi) = MiipiLixi) + '—^——ipiRixi) + riiil)iL(TCi), (53) 

cos (jy, 

ild ■ di^2Li^) = - ^^"'^^l^'^'U iLi^i), (54) 



nd • SiV'2fl(Xi) = ^— tp2R{Xi)- (55) 



Noting that 7^ • Zi/)2 = jd ■ W^^pi — -jd ■ W^ipi = allows writing, for the linearly independent combinations 
{tpiL - tp2L)/V2 = tpu and {tpiL + V'2Z,)/V2 = Va, 

'^'^ ■ V'a j ~ 2^^^ \ Wl + iWl -ZJ cos 0^ j 1^ 



57d \ Mi + / V'l 



+ ( ) • (56) 



Designating g'S^ = g{Wl - with g' = gtan^^ and noting that -nJW^V2L = 7? ^aV'2L (since 7 • 9^2 = 

-17^7 • rV'2) gives 



which allows writing 



_ 9^,0. ( Z^/cos6^ Wi -iWl\( ^Pu\ ( \ Mj + r^i ( 



■ U'W " 2^^" \Wi+ ml -Z^l cos ^1 ) \ i,^L ) [ 9'l2Bai^iL )^ ^/2 Ui« J ' ^^^^ 
Now, defining = '^i^ + ipiL gives 

^--v. . r^Y ^ - ^-v" ZJcose^ Wl - iWl \p(^u\ ..qx 

\ wi + iwl -zjcose^ r H V-J " ^^^^ 

The three components ipiR, '4'iL,ip2L, give a complete physical description just as three members of the tetrad {u, s,q,r) 
can be used to construct the fourth member by Gram-Schmidt orthogonalization [16] . Invariant properties under the 
Lorcntz group as well as the representations with respect to the electroweak gauge groups determine the combinations 
that are called particles. 

Recalling that 7^W^Vifl = 0, then 
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COS l/i/; 



For comparison to the standard model, define 



GeC^ = GJll]=^(]] (61) 



where Gp is Fermi's constant, and 



with ^AL = Phi^A- It follows that 



= (62) 



^/2 I, V'i + V'u y ^/2 V V^V'il + V'ik ^ ' 



Thereby, 



»7d • SiV'A = (W^>1 + W^>2 + ^^3) ^AL - ( g'^^B^^^ ) + Ge^m0 + G,<i^HAL ( J ) , (64) 

or equivalently, with Wa-c =W^ai {i running from 1 to 3), 

ild ■ ditpAL = |7d Wa-O-i/'AL - ^l^BatpAL + GelpiRcf), (65) 

and 

ild ■ dilpAR = -g'j^BclpAR + Ge4>HAL, (66) 

where V'ah = V'lfl- Then the normal form of standard electroweak theory follows by going to the unitary gauge [17]. 

It is seen that the scalar field r7(x), identifiable as the Higgs field in the standard model, arises from the departure 
from fiatness of the metric in the vicinity of the core of an excitation and thus the association of the Higgs field with 

particle mass generation is evident. In particular, since in the unitary gauge, Ge4> {Mi + rii) ^ ^ ) ' doublet tpA 

contains, at this level, a massless component and a massive component of mass M (see Appendix). 

Multiplying sin^^A^ = — cos9yjZa, by g and using equs. (38) and (47) along with e = gsin^^ gives 

e^a(Xi) = flwexi^ - Xi)O(x) ^f(x)ra(x) - | COS^ 0.w[uUa - SSa]j dn{x)/u{x). (67) 

Now, due to the identity of the extended Lorentzian frame with that of the underlying spacetime at large distances 
from an excitation core, evaluation of low energy (large distance) coupling constants, and in particular, the fine 
structure constant, may be realized utilizing calculations based on generalized coordinates. Then, since sq — ro = 0, 

eAo = -|cos^6'^ / /l^ye^euodQ (68) 

using an obivous simplified notation. Also, © = — (ln/),i,u'' = — (ln/),ou'' (see Appendix) and u^Ua = vPuq = — 1 
give /|vFex®^o = fEWex{fEWex),o and it follows that 

eAo = -'-^[ {f^^J,odn. (69) 



3 

Prom the appendix, using (A21) for a single excitation at rest at the origin 
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fEWe.,0 = —^mSit)5{t - r)6{r)i^, (70) 
where 6'{x) = —5{x)/x was used to evaluate 5'{t — r) = — 5(t — r)/e^o- Then, 

eAo = —3 S{t)S{t-r)S{r)iJ,T,smedtdrd9d(t)== — ^2 — -^d^z, (71) 

"J?0 Jex "JsO Jex SO 

the last step resulting from /xS = r, d'^z = sin OdtdrdOd^ and S{t)S{t — r)5{r)/r = 2S{t)S{t^ — r^). Noticing that 
Io° 5{r)dr = 1/2 and writing the Kronecker delta as 5a,b, since / 5{x)dx = 1 yields a distribution i5(a;) = ^x.o^(O) = 
Sx.o/t^^^o, it then follows that 6{r) = 6\f\fi/2'jTe^o, giving 

27r2mcos2g^ f S{t)d(f-r^)5iPi^ 

eAo = — / —3 d z. (72) 

-i^O Jex e^?o 

Now, treating the excitation at the origin as a point object involves the internal space volume (47rm'^/3) in the 
limit: lim^y^o {^\f\,a/^V) = '^\f\,o/{ e47rTO'Y3). Thereby, since [18] 5^{f) = limsy^Q (5|^| q/JF), it follows that S^f^^/ 

€TT^^ = [4 {m/^o f /a] dino/i e47rmV3) = 4 {m/^o f S^r}/3, and 

Furthermore, (m/,eo)^ = (mo^o/27r)* = ([7rs^]2/3/27r)^ = {■Ksif^^/16n'^ giving 

(7rs4)'/'cos2^, 



e^o = i^^-) ^^'^"^ 1 5(i)5(i^ -r2)<53(,-)rf4,_ 



(74) 



Comparison with standard low energy theory [19], eAo{y) = 2a J d'^zS[yo — xo{T)]6{[y — x{T)]'^}S^{'y' — lt{T)), 

gives a = e^/A-K = (tts^)^^^ cos^ 61^/36. Since = 1/2 and [3] sin2 6'^ = 0.22215(76), then a-^ = 137.00(13), 
consistent with experiment. More to the point, since is known from experiment to high accuracy [3] 

(137.03599911(76)), then sin^ 6'^ = 0.2223552634(26).^ Notice that the low energy weak couphng g' is exact at 

^5/6^4/3^3 = 0.343397380776359 whereas g = 0.6421905192(64). (Coupling constant charges are ~ internal 

space surface area in Planck size units: ^0 = \/2ttIp-) Obivous consequences follow: in the on-shell scheme [21], for 
example, based on the value = 91.1876(21)Gey, it follows that = 80.4130(19)Gey. 



APPENDIX A: GENERIC EW MODEL 



Generic EW excitations (see Section III) are describable with the Kerr family of solutions. Vaidya [22], [23] presented 
external solutions for the Kerr metric in the Einstein universe for which the energy density and pressure are given by 

e = -3p=^^{l + 2mn) (Al) 

with X being the scale factor, ^0 = V2ttG — 4.05084 x lO^'^'^cm, and m and ji are specified below. For X"^ 00, the 
solution becomes the Kerr metric in Minkowski space. This latter metric is written here in Boyer-Lindquist (S-type) 
coordinates [24] as 

■ 9 / r. 7^ , 2TOuJsin2 , A ^ S , 9 ,^9 A sin^ 6* , , . 

ds^ = J I + 2mudt , d<p + —dr^ + UdO^ + dd)^, A2 

V ^ Vl + 2m/x J A 1 + 2mn ^ ' ^ ' 

where J = Sz/mi), A = r"^ + J"^ + 2rar, m = too^o/^'^'j S = + cos^ 6 and /i = r/E with being angular momentum 
along the symmetry axis in units of h and —mo being the negative mass of the singularity, the negative r side of 



^Based on the recently measured value = 137.035999710(96) [see ref. [20]], sin^ 6I,„ = 0.22235526678(54). 



9 



the disk having been taken and a relabehng having been carried-out so that r values are taken to be positive. The 
invariant measure is dfl = ^/—gd'^x = S sin OdtdrdOdcf). 
Then, taking 

n , 2muJsin^^,, , . „, 

u = - J\ + Imiidt ,^ ^ d6, A3) 

Vl + zm/j, 

the associated velocity vector is {u"} = (l/vT+"2m^, 0,0, 0) and 

= 4^^ofK- = 4.^ofdiagi0, E/A, S, A sin^ 6/ [1 + 2m/x]). (A4) 

Then, from equ.(7), since (In f),^, = a^, + Qui,/3, it follows that = — 3(ln/),CT u"^ and 

a = rf(ln /) - eu/3 = rf(ln /) + 3(ln /) u'^u. (A5) 

In particular, since {In f),crU'^ = {In f),tvP = 0, 

.^ 1 ,r, /, „ NT m{-Adr + rJ'^sm2ed6) , . 

a = d{lnf) = -d{Hl + 2mM)} = s2(i + 2mM) ^' ^^'^ 

where A = — J^cos^O, and consequently Urdr = —mh-dr/T?{l + 2miJ,) — » —mdr/r"^ for r ^ J = 
1.49889 X 10-33cm (see below). Thereby, {a''} = m(0, -AA, rJ^ sin 26», 0)/E3(1 + 2m/i) and, since a = ^/a^ = 
mv'AA2 + (rJ2 sin26')2/S5/2(l + 2m/x), ^ 

yS(-Adr + rj2sin26'd6') , 
s = — ; (A7) 
V'AA2 + (rJ2 sin26')2 

Transformation of the above S-type coordinates to globally synchronized coordinates given hy t = t\J (? and 
r = pr yields 



(AS) 



rfs^ = - |(1 + p^){l + 2mn) - ^1 dr^ - 2pT(l + 2m/i - ■^)dTdp - AmJ/iy/l + sin^ 

+^2 I S _ P'(l+2m/x) | _ 4 »^-^^Tp ^^^^^ ^ j,^^2 ^ gi^2 ^(^2^2 ^ j2 _ 2^^j2 ^^^2 ^^^^2 

where now S = p^r^ + cos^ 9 and A = /92r^ + + 2mpT. To evaluate the scale factor X, consider the limit pr ^ J 
for which — > and S and A ^ p^r^, the metric going to the FRW value; 

ds^ = -dT^ + T^^^ + P^de^ + p2 sin2 0d</,2), (A9) 

giving the expansion factor S = t . In the same limit and coordinates, the field equations reduce to S = (yielding 
a constant S which is now written as 1 — e — > 1, revealing e as the physical limit corresponding to 0), and to 

Prom (Al) in the same limit, the identification 3/4^qX^ = — 3e/2^Qr^ follows, completing the normalization. (It is 

shown below that e ~ 10~23/o.342: the present theory reveals finite physical limits for both the and the oo of 
standard theory; the mass magnitude of an excitation core which corresponds to the " bare mass" of standard theory 
is mo lO^^Gey/l.SlQlS.) Thereby, with p=e+p = 2e/3, from (Al) 



^The rest of the tetrad follows from Qf^qi, + r^^ri, — hf_ii, — Sf^s,^, the orthonormality conditions and orientation choice : 
q = ~V^{rJ'^ sm2edr + AAd9) / ^ A [AA^ + (r sin 26)^] and f = -^A/1 + 2mAtsin 



10 



/w = -7r^(l + 2mM), (All) 

which characterizes a normahzcd and structured vacuum due to the ring singularity. Exphcitly, in S-type coordinates, 

For evaluation of integrals, the poles due to (i^ — r^)~^ may be handled in the standard way [25] by letting, with P 
indicating principle value, 



(t2 - r2) 



t + r 



iT^5{t + r) 



-TT'^2S{t)6{t - r)5{t + r) = -TT'^S{t)5{t - r)5{r), 

(A13) 



where, for later use, the 5-function is expressed by 5^{r) = e£^o/'K{r'^ + e^^g) ^■^d it is noted that Jq°° 5{r)dr = 1/2. 
Since f'^dV (i.e., densities) must be considered in order to avoid spurious singularities when introducing distributional 
representations, it follows that, with the core contribution f^dV — —{2mo/3Trr^)6{cos9)d{r)J^sm9drd9d(p (located 
on the Kerr ring r = 0, 6 = 7r/2, normalization being —mo = | / fc'^V, and dV = —dfl/u), the inclusive expression 
follows: 



f^^dV = \ ^-'Smt-r)Sir) ^ 2me.^Smt-r)SM dH _ WMMssin^.rd^d^. (AM) 
I so so J " 

Recognizing that —5{r)/u 5{r)/dt and (5(0) = I/ttc^o, then 



fiwdV = 



{ -KSir) 2rmT5(r)fi 2mo5(cos6)6(r)\ ^ ■ ^ , ,^ , j / , -, 

I ^ + ^ 3^^2 I ^ ^d^d^d'l'- (A15) 

On the right hand side, the first term may be simplified using S{r)T, = 5{r){,P cos^ 6) and combined with the last 
term, for which (5(cos 6')(5(r)S/7rr^ = 5 [cos 9)5 {r)r'^ /irr'^ = 5 {cos 9) 6 [r)/ it is used, giving 

flyydV = -3 5{r) sin OdrdOdcj) H tt^^ smOdrded^. (A16) 

Now, since J cos^ 9 sin 9d9d4' — 4:Tt/3 and J S {cos 9) sin 9 d9d(l) = 27r, angular integration of the first contribution on 
the right hand side gives 4[(7r2 J^/^q) ~ mo]6{r)dr/3, which vanishes for tt^J^/^q = "^0 (i-e., for mo = (7r/2)2/^/^o = 
10i9GeF/1.51918 since J = s^/mo where = 1/2). It then follows that 

f ^2 f 2meTT^S{t)S{t-r)d{r)ii^^^ / 2m7r5(r)r ^ . ^^^^ 

y fEwdy = J L^^dV = J — ^ T.sin9drd9d<t> (A17) 

^2Trrno r ^§^^^^^f sin6lrf6' = 2emo ln(l + ^), 
so Jo Jo e so 



since r5e{r)dr = ^ ln(l + ^). Thereby, 

M=l [ fdV^SemoH^), (A18) 

^ Jin £ so 

where L ^ e^o = 4.05084e x 10~^^cm. Then, with mo = (7r/2)2/'^/^o, the hierarchy problem is addressed with 
a low mass Fermion emerging on a mass scale /i = L^^: M{ji) ~ 3emo ln(l//i2e2^Q). The negative mass of 
the core is compensated by the positive mass surrounding the core with a slight excess emerging as the eflFec- 
tive mass of the Fermion. A generic Fermion mass M(/Ux) — O.lOOGeF at a scale /^x — 3 x 10^^ GeV gives 
e ~ M(/ix)/3moln(/i2e2^2^-i ~ 10-23/0.342, and consequently, 

M(M) 3emo {in(^) + H^)] = M(m.) {l + ^ ln(||)| . (A19) 
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Finally, for external space (see equ.(28)), from (A17) 

so 

In order to extend this model to the case in which there are well-seperated multiple excitation cores of EW-type, let 
the metric go to a multicenter form; [26] 

flwe. - E fEWe.i = E ^ = ¥ E ™^^(* - -U- U)5{u)„,, (A21) 

where = ri/{rf + Jfcos^Oi), — \f~fi\, the S-type coordinates of the i*''excitation being = {ri,6i,(f>i) at 
time ti and the sum extends over all cores. Obviously the parameters Wj and Jj pertain to the i*'' excitation and 
rf = {t — — r? and poles are again being handled in the standard way [25] by letting 1/ [(t — tj)^ — r?] — > 
-7r25(t - ti)5{t -ti- H)5{ri). 
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